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Abstract

Background Venous thromboembolism (VTE) is most prevalent among parturients following a cesarean section
(CS). The objective of this study was to assess the practical utility of bilateral compression ultrasonography (CUS) of
the lower limbs, coupled with D-dimer monitoring, in the early diagnosis of VTE within the Han Chinese population.

Methods Our prospective observational study included 742 women who underwent CUS and D-dimer testing on
the first day post-CS. Subsequently, telephone or outpatient follow-ups were conducted until 42 days postpartum.
States of hypercoagulation and thrombosis, as indicated by CUS, were classified as CUS abnormal. A D-dimer

level =3 mg/I was considered the D-dimer warning value. Early ambulation and mechanical prophylaxis were
universally recommended for all parturients post-CS. A sequential diagnostic strategy, based on the 2015 RCOG VTE
risk-assessment tool, was employed. Therapeutic doses of low-molecular-weight heparin (LMWH) were administered
for the treatment of thromboembolic disease. Prophylactic doses of LMWH were given for VTE prophylaxis in
parturients with hypercoagulative status accompanied by D-dimer levels =3 mg/I. All high-risk women (RCOG

score >4 points) were additionally treated with preventive LMWH. Statistical analyses were conducted using the R
statistical software, with a two-sided P value < 0.05 considered statistically significant.

Results Fifteen cases of VTE and 727 instances without VTE were observed. The overall VTE rate post-CS was 2.02%
(15/742), with 66.7% (10/15) being asymptomatic. Eleven patients received a VTE diagnosis on the first postpartum
day. Among the 41 parturients exhibiting hypercoagulation ultrasound findings and D-dimer levels >3 mg/|,

despite receiving pharmacological VTE prophylaxis with LMWH, 4.88% (2/41) in the high-risk group were eventually
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Cesarean section

diagnosed with VTE. A total of 30.86% (229/742) exhibited normal ultrasound findings and D-dimer levels <3 mg/l on
the first day post-CS, with no VTE occurrences in the postpartum follow-up. According to RCOG's recommendation,
78.03% (579/742) of cesarean delivery women should receive prophylactic anticoagulation, while only 20.62%
(153/742) met our criterion for prophylactic anticoagulation.

Conclusion The strategy of timely routine bilateral CUS and D-dimer monitoring is conducive to the early diagnosis
and treatment of VTE, significantly reducing the use of LMWH in the Chinese Han population.

Keywords Bilateral compression ultrasonography, D-dimer, Prophylaxis, Diagnosis, Deep venous thrombosis,

Background

Venous thromboembolism (VTE) stands as the third
most prevalent cause of mortality globally, constituting
approximately 12% of deaths, according to the World
Health Organization [1]. The umbrella term VTE encom-
passes both deep vein thrombosis (DVT) and pulmo-
nary embolism (PE). Pregnancy and the postpartum
period are firmly established as risk factors for VTE
[2]. Pregnancy, a distinctive state for women, witnesses
substantial alterations in the functioning of key homeo-
static systems within a relatively brief timeframe. While
inherently physiological, these changes elevate the risk
of venous thromboembolism by nearly sixfold [1]. VTE
in the female demographic manifests at a youthful age
of 40 in 50% of cases, with 20% of these cases linked to
pregnancy, as per data from the RIETE [3]. Survey find-
ings suggest that the incidence of pregnancy-related VTE
in China, the United Kingdom, and the United States is
0.068%, 0.107%, and 0.066%, respectively [4—6]. Cur-
rently, thrombosis and thromboembolism stand as the
primary causes of maternal morbidity and mortality [7].
In the U.S., VTE-related deaths contribute to 9-10% of
all pregnancy-related mortalities [8], while in the United
Kingdom, pulmonary embolism results in the deaths of
5-10 women during pregnancy and the puerperium
annually [9].

VTE exhibits a higher prevalence during the postpar-
tum period compared to the antepartum phase [10, 11].
Cesarean section (CS), with an incidence of 2.6 per 1,000
CS, emerges as the predominant risk factor for postnatal
thrombosis cases [12—14].

The optimal approach to thromboprophylaxis in preg-
nant women remains uncertain, with available options
encompassing early ambulation, mechanical interven-
tions, and/or pharmacological agents. The efficacy of
thromboprophylaxis specifically for cesarean births
has not been adequately explored in sufficiently pow-
ered, randomized trials that comprehensively evaluate
both benefits (prevention of VTE) and potential harms
(wound or bleeding complications [15, 16]). Timely and
accurate diagnosis, along with effective prevention of
VTE, assumes paramount importance [17, 18]. Discrep-
ancies exist among international guidelines regarding the

selection of patients for thromboprophylaxis after cesar-
ean section (CS), primarily due to the unclear optimal
threshold for initiating pharmacologic thromboprophy-
laxis and the optimal duration of therapy [7].

The 2015 RCOG Guidelines were employed to assess
the risk of postpartum VTE. According to these guide-
lines, women undergoing CS delivery should receive
pharmacologic prophylaxis for 10 days, except for those
with an elective cesarean section and no additional risk
factors. Notably, a substantial portion of CS patients clin-
ically meets the criteria for pharmacologic VTE prophy-
laxis but does not receive it [19]. Therefore, the prompt
and effective identification of women who would derive
the greatest benefit from preventive anticoagulation is
crucial. In 2021, the Obstetrics and Gynecology Branch
of the Chinese Medical Association recommended the
use of intermittent pneumatic compression devices or
plantar vein pumps for at least 2 days post-cesarean sec-
tion to prevent thrombus formation. Additionally, it was
advised to conduct compression ultrasonography (CUS)
beforehand to rule out the presence of VTE. While
D-dimer levels alone are not recommended as the basis
for VTE prevention and treatment, monitoring D-dimer
levels is deemed necessary during the treatment of
patients with a clearly diagnosed VTE.

The objective of this study was to investigate the prac-
tical utility of bilateral CUS of the lower limbs (referred
to as ultrasound in the text) in conjunction with D-dimer
monitoring for the prevention and early diagnosis of
venous thromboembolism (VTE) following cesarean sec-
tion (CS) and to determine the suitability of this strategy
within the Han Chinese population.

Methods

Study design

This study constituted a prospective single-center obser-
vational investigation based on our hospital’s pregnancy
registry. Approval for the study was granted by the Insti-
tutional Review Board of the Fourth Affiliated Hospi-
tal of Zhejiang University (Protocol K2022109). Given
the registry nature of the study, patients provided ver-
bal notification instead of written informed consent by
the Institutional Review Board of the Fourth Affiliated
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Hospital of Zhejiang University. The study spanned from
January 2020 to March 2022, involving pregnant women
admitted to The Fourth Affiliated Hospital of Zhejiang
University, as identified in the computer-based clini-
cal management system. Inclusion criteria comprised
women who underwent ultrasound examination and
D-dimer testing on the first day post-cesarean section.
Demographic data, obstetric details, additional surger-
ies accompanying cesarean section (e.g., sterilization,
ovarian cyst removal, uterine packing hemostasis), and
the results of D-dimer and ultrasound were meticulously
recorded and reviewed. Exclusion criteria encompassed
vaginal deliveries, significant risk factors for postpartum
VTE (e.g., prior VTE, thrombophilia, or the absence of
ultrasound examination within 24 h after cesarean sec-
tion. Ultrasonic findings beyond normal and thrombo-
sis (e.g., slow blood flow, hypercoagulative status) were
classified as abnormal. Diagnosis of deep vein thrombo-
sis (DVT) relied on ultrasound, while pulmonary embo-
lism (PE) diagnosis was based on computed-tomography
pulmonary angiography (CTPA). A sequential diagnos-
tic strategy, incorporating the 2015 RCOG VTE risk-
assessment tool, routine D-dimer measurement, and
ultrasound examination post-cesarean section, was
implemented, even in the absence of symptoms. Post-
partum VTE risk after cesarean section was stratified
into three levels, adhering to the 2015 RCOG Guidelines:
high risk (postpartum score>4 points), intermediate risk
(2-3 points), and low risk (0—1 points). D-dimer concen-
trations (mg/L) were expressed in fibrinogen-equivalent
units Following Che et al’s study, a D-dimer level >3 mg/1
served as the VTE alarm value in our investigation [20].
Early ambulation and mechanical prophylaxis (gradu-
ated elastic compression stockings and intermittent
pneumatic compression) were universally recommended
post-cesarean section. Additionally, high-risk parturients
(RCOG score >4) received pharmacological VTE prophy-
laxis with low-molecular-weight heparin (LMWH) in the
absence of contraindications. Medium-risk parturients
with abnormal ultrasound findings and D-dimer lev-
els>3 mg/l were also administered pharmacological VTE
prophylaxis with LMWH. Detection of DVT prompted
routine CTPA checks to explore the presence of PE. Both
DVT and PE were managed by vascular specialists.

Statistical analysis

Continuous variables were articulated as meanststan-
dard deviation, while discrete variables were expressed as
percentages. Baseline clinical characteristics underwent
statistical comparison through Student’s t or Fisher’s
exact tests, as deemed appropriate. Categorical variables
were conveyed as numerical values and percentages (%).
Analysis of categorical variables employed a chi-squared
test. The statistical analysis utilised R (version 4.0.4; R
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Development Core Team) statistical software. A two-
sided P value<0.05 was considered indicative of statisti-
cal significance.

Results

Clinical characteristics of the study population

Between January 2020 and March 2022, our prospec-
tive observational study encompassed 742 women who
underwent ultrasound examination and D-dimer test-
ing on the first day following cesarean section (CS).
Consequently, the study comprised 15 cases of venous
thromboembolism (VTE group) and 727 women with-
out VTE (control group). According to the 2015 RCOG
scoring, 109 patients scored>4 points for postpartum
VTE risk (high risk), 470 patients scored 2 or 3 points
(medium risk), and 163 patients scored 1 point (low
risk) (Fig. 1). The mean age of the included patients was
30.71%4.44 years, and the mean D-dimer level on the
day after Cesarean section was 4.95+6.64 mg/l. A sig-
nificant difference in patient age was observed between
the VTE group (34.07+3.71 years) and the control group
(30.67£4.45 years), P<0.05. Additionally, a significant
difference in D-dimer levels was noted between the
VTE group (12.08+10.45 mg/l) and the control group
(6.0516.03 mg/l), P<0.05 (Table 1). No maternal deaths
occurred in the study cohort. 80% (12/15) of patients
diagnosed with VTE fell into the medium-risk category.
Detailed information on the 15 postpartum women with
thrombosis after CS is presented in Table 2. The over-
all rate of VTE following cesarean section was 2.02%
(15/742), with 66.7% (10/15) of cases being asymptom-
atic. Seventy-three point 3% (11/15) of VTE diagnoses
occurred via ultrasound or CTPA on the first postpartum
day. Among the diagnosed cases, five patients presented
with pulmonary embolism (PE) combined with deep vein
thrombosis (DVT), with 60% (3/5) being asymptomatic;
the others exhibited symptoms such as chest tightness,
dizziness, lower limb pain, and decreased transcutaneous
oxygen saturation. Seven patients were diagnosed with
DVT, and only one presented with symptoms of lower
limb pain. Finally, one patient diagnosed with ovarian
venous thrombosis reported abdominal pain.

Among the 742 postpartum women included in
our study, 492 parturients exhibited a postpartum
D-dimer>3 mg/l, with 12.8% (14/492) of them eventu-
ally diagnosed with venous thromboembolism (VTE).
A total of 671 parturients displayed normal ultrasound
findings on the first day following cesarean section (CS),
yet 0.45% (3/671) of them were ultimately diagnosed with
VTE. In contrast, 41 parturients, despite receiving phar-
macological VTE prophylaxis with LMWH, exhibited
abnormal ultrasound findings and a D-dimer>3 mg/l on
the first day after CS, resulting in a 4.9% (2/41) VTE diag-
nosis within the high-risk group. Furthermore, 30.86%
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Pregnancy women (N=3427)
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Exclusion criteria:

Previous VTE

Vaginal deliveries (N=2105)

Asymptomatic thrombophilia
postpartum ultrasound >24 hours(N=569)
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|
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Fig. 1 Flow chart. Note RCOG scores >4 (N=109); RCOG scores 2-3 (N=470); RCOG scores < 1 (N=163); H: highrisk;M:medium risk;L:low risk

of parturients (229/742) demonstrated normal ultra-
sound results and D-dimer levels<3 mg/l on the first
day after CS, with no VTE occurrences during postpar-
tum follow-up. The sensitivity, specificity, positive pre-
dictive value, and negative predictive value of abnormal
CUS were 80%, 91.6%, 16.4%, and 99.6%, respectively. For
D-dimer=>3 mg/l, the corresponding values were 93.3%,
34.3%, 2.8%, and 99.6%, while for abnormal CUS accom-
panied by D-dimer>3 mg/l, they were 73.3%, 94.4%,
21.2%, and 99.4%.

In accordance with RCOG’s recommendation, 78.03%
(579/742) of women undergoing cesarean delivery should
receive prophylactic anticoagulation. However, as per
our department’s VTE prevention program, only 20.62%
of patients (153/742) received anticoagulation following
cesarean section.

Discussion
We observed a venous thromboembolism (VTE) rate of
2.02% (15/742) in cesarean section (CS) cases, with 66.7%
(10/15) being asymptomatic. Among those diagnosed
with VTE, 80% (12/15) fell into the medium-risk cat-
egory, and 73.3% (11/15) received their diagnosis on the
first postpartum day, with 90.91% (10/11) of these cases
being detected through CUS. Employing our strategy, all
VTE cases were diagnosed during hospitalization, and
no new occurrences were identified during the follow-up
period extending up to 42 days postpartum. Only 20.62%
(153/742) of parturients met our criteria for prophylactic
anticoagulation, whereas 78.03% (579/742) aligned with
the recommendations of the Royal College of Obstetri-
cians and Gynaecologists (RCOG).

We systematically conduct thrombosis screening using
CUS and D-dimer monitoring after CS delivery, revealing
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Table 1 Summarizes the clinical characteristics of the study
population (N=742)

VTE group Controlgroup P
(n=15) (n=727)

Age (years) @ 34.07+3.845 30.67+4.45 0.003
BMI @ 27.20+2.85 27.899+3.63 0459
Gravida ° 373+£167 2.73+£1.63 0018
Para ® 213+0.64 1.74+0.73 0.04
Gestational age ® 37.53+1.64 37.87+2.05 0.527
Birth Weight @ 3267.69+49140 3222.69+538.05 0.765
Emergency CS 7(47%) 334(46%) 0.947
Diabetes mellitus 2(13%) 130(18%) 0.631
Hypertensive disorders 1(7%) 80(11%) 0.566
during pregnancy
RCOG score 0.09

>4 3(20%) 106 (14.6%)

2and3 12 (80%) 458 (63%)

1 0(0) 163 (22.4%)
Results of CUS (Day 1) 0.00

VTE 10 (66.7%) 0

Abnormal 2 (13.3%) 61 (8.4%)

Normal 3(10%) 666 (91.6%)
D-dimer>3 (Day 1) ° 0.001

Yes 14 (93.3%) 478 (65.7%)

No 1(6.7%) 249 (34.3%)
D-dimer (mg/I EFU) (Day ~ 12.08+ 1045 6.05+6.03 0.049

1)°
2 Student's t tests, ® Fisher's exact tests, A chi-squared test was used to analysis
categorical variables

Table 2 Summarizes the clinical characteristics of VTE cases

(n=15)
level Overall
Symptoms no 10(66.7%)
yes 5(33.3%)
Time of diagnosis <1day 11(73.3%)
>1 day 4(26.7%)
Results of CUS VTE 10(66.7%)
hypercoagulative 2(13.3%)
blood vessels pristine 3(20.0%)
D-dimer >3 14(93.3%)
<3 1(6.7%)
2015 RCOG score 2-3 12(80.0%)
>4 3(20.0%)

a symptomatic VTE incidence of 0.67% (5/742). This rate
is notably higher than reported in previous studies [19—
21], where the incidence of symptomatic VTE was 0.18%.
The discrepancy can be attributed to our focus solely on
CS puerperium, representing the demographic with the
highest VTE susceptibility during the peak risk period.
Our strategy, emphasizing early detection and treatment
of asymptomatic thrombosis, proves effective in prevent-
ing severe thrombotic disease.

Prompt and accurate diagnosis of venous thromboem-
bolism (VTE) in the puerperium is crucial, as a missed
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or delayed diagnosis could pose a threat to maternal
lives. The Royal College of Obstetricians and Gynaeco-
logists (RCOQG) risk assessment model stands out as one
of the more intricate scales for pregnancy-related VTE.
Its effectiveness in reducing maternal mortality from
pulmonary embolism (PE) in the United Kingdom has
been demonstrated. Traditionally, there is a perception
that Asian populations exhibit a relatively lower risk of
VTE compared to individuals in Western countries [21].
According to RCOG guidelines, thromboprophylaxis for
at least 10 days is recommended if the total score is >2
postnatally [22]. Consequently, 78.03% of women after
cesarean delivery are recommended prophylactic anti-
coagulants. While postpartum thrombus prevention
has garnered attention among obstetricians in China,
the widespread adoption of this prevention strategy
remains limited. Despite the RCOG protocol’s ability to
identify the majority of patients eventually developing
postpartum VTE, many obstetricians in Asian countries
are concerned about potential overuse of anticoagu-
lant drugs in women less likely to develop postpartum
VTE. In our study, anticoagulation was administered
to only 20.62% (153/742) of patients after cesarean sec-
tion. We observed that intermediate-risk postpartum
women accounted for 63.3% (470/742) of CS deliver-
ies without VTE, meeting the criteria for thrombopro-
phylaxis according to RCOG recommendations. In our
strategy, only 4.3% (32/742) of middle-risk and low-risk
women without VTE received prophylactic anticoagu-
lants, and nine VTE cases were treated with therapeutic
anticoagulants. Subsequent monitoring with D-dimer
revealed only three cases (3/470) of VTE in those with-
out prophylactic anticoagulants (one asymptomatic PE,
one ovarian venous thrombosis, and one lower extrem-
ity intermuscular vein thrombosis). In the high-risk
group, despite the use of prophylactic anticoagulants in
all patients, one case was diagnosed with VTE on the first
day after CS, and two cases were diagnosed in the follow-
ing days. These latter two cases were identified among
those with abnormal ultrasound findings and D-dimer
levels >3 mg/l on the first day after CS. For the high-risk
group, therapeutic anticoagulants may be more appro-
priate for those with abnormal ultrasound findings and
D-dimer levels=3 mg/l. Risk-stratified LMWH-based
thromboprophylaxis in a general obstetric population
has been associated with increased bleeding complica-
tions, particularly after cesarean delivery [14]. Therefore,
higher-quality evidence is needed to guide best practices
for preventing obstetric VTE, with the ideal thrombopro-
phylaxis strategy having an acceptable risk/benefit ratio.
There is limited evidence describing the effectiveness of
LMWH-based thromboprophylaxis in parturients under-
going cesarean section in the Chinese Han population.
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D-dimer serves as a crucial indicator in the differen-
tial diagnosis of venous thromboembolism (VTE). Nev-
ertheless, its utility for guiding diagnostic decisions in
pregnancy is constrained by physiological increases dur-
ing pregnancy, peaking in the early puerperium [23],
and exhibiting high intra-individual biological variation
[22]. Consequently, the value of D-dimer in pregnancy
remains a subject of controversy. No guidelines recom-
mend relying solely on D-dimer as a reference indicator
for screening, diagnosing, preventing, or treating VTE in
pregnant women. Notably, we observed a significant dif-
ference in D-dimer levels between the VTE group and
the control group. In cases where patients exhibit normal
compression CUS but abnormal D-dimer levels, dynamic
monitoring of D-dimer is advisable, and a review of CUS
should be considered if a rebound is observed.

Our thrombus prevention strategy post-cesarean sec-
tion (CS) facilitated the early diagnosis and treatment
of asymptomatic thrombi, preventing the occurrence of
potentially fatal thrombi. Although this approach may
lead to increased detection of micro-deep vein throm-
boses (DVTs) and necessitate a shift in LMWH dosage
from prophylactic to therapeutic, the benefit lies in avert-
ing the development of VTE, making it advantageous for
patients.

Under our strategy, 100% of deep venous thrombosis
cases were diagnosed. This approach has demonstrated
safety, with 26.95% (200) of parturients exhibiting nor-
mal lower limb ultrasound and D-dimer<3, along with
an RCOG score<4 at the initial postpartum assessment.
This subgroup, left untreated with thromboprophylaxis,
experienced no occurrences of venous thromboembo-
lism (VTE) during the postpartum follow-up.

Our approach to VTE management following cesarean
section (CS) appears to be safe, effective, and cost-effi-
cient within the Chinese Han population. However, it is
imperative to note that this was a single-center observa-
tional study with a limited duration and a small sample
size. To validate these findings, multi-center, large-sam-
ple studies are warranted.

Conclusion

In summary, our study affirms that, following CS deliv-
ery, the combination of D-dimer monitoring and timely
routine CUS of lower limbs facilitates early diagnosis
and treatment of VTE. Moreover, this approach signifi-
cantly reduces the use of LMWH in the Chinese Han
population.

Abbreviations

VTE venous thromboembolism
cS cesarean section

DVT deep vein thrombosis

PE pulmonary embolism

LMWH  low-molecular-weight heparin

Cus compression ultrasonography
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CTPA computed-tomography pulmonary angiography
EFU fibrinogen-equivalent units
BMI Body Mass Index
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